AccuWiSe: Accurate Wireless vital Sensing" is a multi-hop wireless network system which can collect and monitor vital information such as heart rate (HR), energy expenditure (EE) and core body temperature (BT) from tens of exercisers spread in a sports ground periodically, reliably and in real-time.
INTRODUCTION
Vital sensing system is important for a group of exercisers spread in a sports ground. On the one hand, for schoolchildren during physical training, it can be used for healthcare and injury/disease prevention, and on the other hand, for professional athletes during physical training and games, it can be used for evidence-based physical training and talent identification as well as healthcare and injury/disease prevention. 
ACCUWISE HARDWARE
AccuWiSe is composed of tens of vital sensor nodes (VSNs) and a data collection node (DCN). The VSN is a wearable sensor node which can sense HR, EE and BT by putting it to a body position of exerciser and transmit the vital data to the DCN by wireless, whereas the DCN is a device which can monitor the health and physiological conditions of exercisers using the vital data wirelessly collected from them. Fig. 1 shows the block diagram of the VSN. The micro processor unit (MPU) handles a tri-axial accelerometer for EE sensing, two color sensors for photoplethysmography (PPG)based HR sensing and two thermo-hydrometers for BT sensing, and sends the sensed data to the MPU in the wireless transceiver. On the other hand, the MPU in the wireless transceiver packetizes and transmits by wireless the received sensed data from the sensor MPU, and additionally handles a GPS receiver for location sensing. The transceiver transmits the data in one frame (packet) per second, according the ARIB T-108 standard of Japan [1] with data transmission rate of 100kbps and transmission power of 20mW in the 920MHz band. Fig. 2 shows the photos of one of implemented VSNs. Its size and weight is 45mm×44mm×15mm and 31g including a rechargeable lithium-ion-polymer batter with 220mAh, respectively.
VSN

DCN
The DCN is really a note personal computer (PC) and a wireless transceiver module with a sleeve antenna, so no special hardware is required. To be able to monitor the workabilities of wireless data collection and vital sensing functions during exercises, the software and user-interface were developed.
VITAL SENSING PERFORMANCE
To evaluate the vital sensing performance of the VSN, we conducted experiments using subjects. In the experiment, we put a VSN to the forearm position of a subject and stored the vital data when the subject performed a series of exercises. Fig. 3 shows the results for the experiments.
Estimation of core body temperature is still under development, so Fig. 3 (a) shows the temperature and humidity sensed by the air thermo-hydrometer in the BT sensor. In the figure, the temperature and humidity measured by different thermometer and hydrometer are shown as the ground truths, respectively. We can see that the thermo-hydrometer can correctly sense the temperature but gives some bias to the humidity, which may require device-by-device calibration.
PPG-based HR sensing during exercise is difficult, since the exercise introduces motion artifact (MA) into the PPG signal. Furthermore, when making a vigorous exercise, the MA frequently results in an extremely wrongly large or small HR value, which is referred to as an outlier. Our proposed HR sensor has the function of canceling MA and rejecting outliers [2] , and Fig. 3 (b) shows its performance. We can see that there is a good agreement between the performance by the HR sensor and the ground truth by the Holter monitor.
EE is proportional to VO2 (volume oxygen), so we will show the performance of sensing VO2 instead of EE. Fig. 3 (c) compares the value of VO2 measured by a VO2 meter with that estimated from the tri-axial accelerations according to the equation we developed in [3] . We can see that there is an agreement between the measured and estimated VO2 values.
CONCLUSION
In this paper, we have explained AccuWiSe hardware/software configuration and have shown its vital sensing performance.
